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(54) Electric component having an electronic component device located on a face of a package 
memt>er with a space therebetween 

(57) „. The Jn^ 

nent, comprising: a padiage member; a via hole elec- 
trode provided through the package member and 
protruding from a first face of said package member; an 
electronic con^nent devtoe located on the first face of 
said package member witti a space therebetween; the 
space between the electronic conponent device and 
the first face of said pad<age member being determined 
by a protruding amount of the via hole electrode from 
the face of sakJ package member; and a joining mem- 
ber joining the electron^ component device with the via 
hole electrode. 

In the electronic component, the space between the 
package member and the face of said package member 
can be readily and accurately obtained. 
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Description 

The present invention relates to a electronic com- 
ponent, such as a piezoelecfaric resonance device, hav- 
ing an electronic component device located on a lace of s 
a package member with a space therebetween. 

Among electronic component devices, there are 
some devices which require that part thereof will not 
contact with a printed circuit substrate when mounted 
on the printed circuit substrate or the like. For instance, 
as for a piezoelectric resonator, a resonating section 
thereof must be disposed by leaving a certain space 
from the printed circuit substrate in order not to interfere 
the oscillation of the resonating section. In case of an 
exothermic electronic component device, it is necessary 
to mount the electronic component device while leaving 
a certain space between the printed drcuit substrate in 
order to suppress heat from conducting to the printed 
drcuit substrate and others. 

Various structures have been proposed for a piezo- 
electric resonator in order to create such a space. 

FIG. 17 is a partially cutaway section view showing 
one example of a prior art structure for mounting a pie- 
zoelectric resonator. 

Electrode lands 52a and 52b are formed on a sub- 
strate 51. A piezoelectrfc resonator 53 is mountai 
against the electrode lands 52a and 52b. The piezoelec- 
tric resonator 53 has a structure in which a terminal 
electrode 53b is formed at one end of a piezoelectric 
plate 53a and a terminal electrode 53c is formed at the 3o 
other end. It is noted that a resonance electrode not 
shown is connected to the terminal electrodes 53b and 
-S3g. 

The terminal electrodes 53b and 53c are joined to 
the electrode lands 52a and 52b via corxluctive adhe- ss 
sives 54a and 54b applied so as to have a certain thick- 
ness in order not to interfere the oscillation of a 
resonating section. 

That is. a gap 55 is created between the piezoelec- 
tric resonator 53 and an upper face 51 a of the sut>strate 40 
51 t>y thickening the conductive adhesives 54a and 54b. 

However, because the conductive adhesives 54a 
and 54b are liquid when it is applied, it is Oable to flow in 
the direction of the center of the piezoelectric resonator 
53 as shown by arrows A^ and A2 in FIG. 17. As a result 45 
there has been a case when the resonating section is 
jdned to the upper face 51a of the substrate 51 by the 
conductive adhesive in the mounting structure thus 
obtained, degrading resonating characteristics. 

Further, because the liquid conductive adhesives so 
54a and 54b are hardened after tiie application, the 
thickness of the space 55 varies and there has been a 
case when tiie resonating section contacts witii the 
upper face 51a of the substrate 51 , damaging the reso- 
nating characteristics. ss 

In order to eliminate the aforementioned problems, 
there has been proposed a mounting structure in which 
spacers 56a axjd 56b are inta-posed between the termi- 



nal electrodes 53b and 53c and tiie electrode lands 52a 
and 52b as shown in FIG. 18. The spacers 56a and 56b 
are made of an electrically conductive material such as 
metal and are joined to the terminal electrodes 53b and 
53c as well as the electrode lands 52a and 52b by using 
conductive adhesive or solder. Here, a space 55A hav- 
ing an enough height s assured between tiie plezoelec- 
taic resonator 53 and tiie upper face 51 a of the sutistrate 
51 by the height of tiie spacers 56a and 56b. 

However, it requires to prepare the spacers 56a and 
56b and to carry out cumbersome works of applying tiie 
spacers 56a and 56b to join the piezoelectric resonator 
53. 

Meanwhile, tfiere has t>een disdosed a small pack- 
age structure for storing a piezoelectric resonator and 
the like In Japanese Patent Laid-Open No. Hei. 5- 
83074. Rgs. 19a and 19b are partially cutaway plan 
view and a section view showing the package structure 
described in this prior art technology. 

The electronic component 61 is constructed by an 
insulating suk>sbBte 62 and a cap 63. A piezoelectric 
resonator 64 is stored within the package. Further, 
through hole electrodes 65a through 65c are formed 
tiirough the suk>strate 62. The through hde electrodes 
65a tiirough 65c are constructed by creating through 
holes tiirough the sut^strate 62 and t>y applying an elec- 
trode material on the inner peripheral faces of the 
tiirough holes. At this time, not only the inner peripheral 
f^ces of the tiirough holes, the electrodes extend also to 
the upper and tower faces so as to form flange-like por- 
tions. 

The piezoelectric resonator 64 is joined to tiie 
through hole electrodes 65a through 65c via conductive 
adhesives 66a through 66c. Not only entering tiie 
through hole electrodes 65a through 65c. the conduc- 
tive adhesives 66a through 66c are joined also to tiie 
flange lil^ portion at the upper face of the substrate 62 
of the tiirough hole elecbodes 65a through 65c. 

It is said tiiat the electronic component 61 allows an 
area outside of the cap 63 to be reduced and thereby 
the device to be miniaturized because the piezoelectric 
resonator 64 is led to the outside by using the tiirough 
hole electrodes 65a through 65& 

However, because the piezoelectic resonator 64 is 
joined to ttie tiirough hole electrodes 65a tiirough 65c 
by using the conductive adhesives 66a through 66c also 
in the electronic component 61 , there has been a case 
when osdilation of the resonating section is damaged 
by tiie conductive adhesives 66a through 66c which 
flow and extend during its application similariy to tiie 
case of ttie mounting structure 51 shown in FIG. 17. 

As described above, tiiere has been a fear of 
degrading the resonance characteristics by tiie mount- 
ing sbxicture 51 shown in FIG. 17 and by tiie electronic 
component 61 shown in FIG. 19 because the space of 
predetermined thickness cannot k>e assured due to tiie 
fluidity and extendbility of the conductive adhesiva * 

Further, the mounting structure shown in FIG. 18 
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has had problems that although it allows the space 55A 
having an enough thickness to be created^ Its fabrica- 
tion process is complicated and it is costly because the 
spacers 56a and 56b have to be used. 

Accordingly, it is an object of the present invention s 
to provide an electronic component which allows an 
electronic component device to be fixed firmly to a pack- 
age member with a space therebetween and can be 
readily fabricated. 

The present invention provides an electronic com- io 
ponent, comprising: a package member; a plurality off 
. through holes provided in a package member; at least 
one via hole electrode provided in at least one of the 
plurality of through holes and extends through the at 
least one through hole in the substrate so as to protrude is 
by a protruding amount from a first iace of said package 
member: an electronic component device located on 
the first face of said package member with a space ther- 
ebetween; the space between the electronic component 
device and the first face of said package member being 20 
determined by the protruding amount of the via hole 
electrode protruding from the face of said package 
member; and a joining member joining the electronic 
component device with the via hole electrode. 

It is noted that the via hole electrode described in 25 
the present specification means a solid electrode in 
which an electrode material is filled completely within a 
through hole as described later. 

In addition, the at least one via hole electrode may 
have a protruding portion which does not extend along 30 
the face of said package memkjer. 

By the above described structure, the space having 
a desired thickness can be assured between the elec- 
tronic component device and the package member. 
Accordingly, it becomes possible to provide the elec- 3S 
tronic component suitable for the electronic component 
device such as a piezoelectric resonator which is 
required to be mounted on the package member by 
leaving a space so that oscillation of Its resonating sec- 
tion is not interfered. 40 

In addition, although there has t^een a case when 
the desired space cannot be obtained due to the fluidity 
and extendibility of the adhesive during its application in 
the prior art in which the space between the electronic 
component device and the package member is created 45 
by the conductive adhesive, the space of the desired 
thickness can be assured tjy the present invention 
because the protruding portions of the via hole elec- 
trodes are utilized. Further, because the present inven- 
tion requires no extra member such as a spacer to so 
create the space having the desired thickness, there is 
no fear of increasing the cost of the electronic compo- 
nent 

In the above described electronic component the 
electronic conrponent device may be a piezoelectric ss 
resonator. 

By the atx>ve structure, the electronic component 
having excellent resonance characteristics can be 



obtained. 

In the afc>ove described electronic component, the 
via hole electrode may be exposed to a second face of 
the package member; and the first and the second face 
of the package member are opposed to each other. 

By the above desatbed structure, the electronic 
component device at the upper face (the first face) of 
the package member may be electrically connected 
with the lower face (tiie second face) of the package 
member by using the via hole electrodes. Accordingly, it 
allows the electronic component which can be readily 
mounted on the surface to be obtained by forming con- 
necting and terminal electrodes on the lower face of the 
package member. 

In the above described electronic component the 
package member may comprise ceramic, a plurality of 
internal electrodes may be provided in the package 
member so as to form at least one capacitor, and the via 
hole electrode may be electrically connected to the 
capacitor. 

By the above described structure, it can t>e 
obtained that an electronic component including a com- 
plex type package structure having a circuit in which the 
capacitors are connected to the electrons component 
device mounted on the package member. 

In the above descrit>ed electronic component, the 
package member may comprise a ceramic sut>strate. a 
plurality of cutaways may be provided on a side of the 
ceramic substrate, and a plurality of external electrodes 
may be provided in the plurality of cutaways respec- 
tively. 

By the above described structure, rt becomes pos- 
sible to form the external electrodes readily t>y using the 
same method with that for fomning the via hole elec- 
trodes and to provkie the smaller electronic component 
as corhpared to the &derrial electrode using through 
hole electrodes. 

The present invention further provides a method of 
forming the above described electronic conponent, 
comprising the steps of: laminating a plurality of ceramic 
green sheets on a support film to obtain a ceramic 
green sheet laminate; forming through holes through 
the ceramic green sheet laminate at positions where via 
hole electrodes are to be located; applying conductive 
material into the through holes so as to fill the through 
holes and so ^ to be located on the upper surges of 
the ceramic green sheet laminate to form via hole elec- 
trodes; and sintering the ceramic green sheet laminate 
to form a substrate and so as to form protruding por- 
tions of the via hole electrodes which protrude upward 
from the upper surfece of tiie substrate. 

The above descrbed method may further comprise 
the step of cooling the ceramic green sheet laminate, 
wherein a ooeffteient of thermal contraction of the 
ceramic green sheet material is higher than a coefficient 
of thermal contraction of the conductive electrode mate- 
rial. 

TTie via hole electrodes that are formed by tiie 
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above process are solid and substantially rod-shaped. 
The via hole electrodes formed by the above process fill 
the via holes with the solid, rod-shaped configuration. 
The protruding portions are formed because a coeffi- 
cient of thermal contraction of the ceramics, during cool- 
ing after the sintering, is higher as compared to a 
coefficient of thermal contraction of the electrode mate- 
rial. 

As a result of the protruding portions of the via hole 
electrodes, a gap having a sirffident size or vertical 
dimension can t^e reliably created below the piezoelec- 
tric resonator and the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal section view showing an 
electronic component according to a first embodi- 
ment of the present invention. 
FIG. 2 is a transverse section view of the electroriic 
component shown in FIG. 1 along a line A-A in FIG. 
1. 

FIG. 3 is a transverse section view for explaining an 
el^onic component according to a second 
embodiment of the present inventnn. 
FIG. 4 is a plan view of the electronic component 

device shown in FIG. 3. 

FIG. 5a is a partially cutaway section view for 
explaining a through hole electrode. 
FIG. 5b is a partially cutaway section view for 
explaining a via hole electrode. 
FIG, 68. snd 6b are schematic plan >dews for 
explaining a positional relationship between an 
external eSectrcdo and an eSectroiiic ccmpcn^it 
device formed by the same method with the through 
hole electrode and the via hole electrode^ respec- 
tively. 

FIG. 7 is a transverse section view for explaining a 
modified example of the first embodiment 
FIGs. 8a is a longitudinal section view for explaining 
another modified example of the first errd^odiment 
FIGs. 8b is a transverse section view for explaining 
another modified example of the first emtjodiment 
FIGs. 9a is a longitudinal section view for explaining 
a still other mocfified example of the first embodi- 
ment 

FIGs. 9b is a transverse section view for explaining 
a still other oKxtfied example of the first enrt}odi- 
ment 

FIG. 10 Is a transverse section view for explaining a 
modified example shown, in FIG. 9b. 
FIG. 11 is an exploded perspective view for explain- 
ing an electronic component according a third 
embodiment of the present invention. 
FIG. 12 is a perspective view showing an appear- 
ance of the electronic component of the third 
embodiment 

FIG. 13 Is a longitudinal section view of the third 
embodiment 



FIG. 14 is a section view along a line D-D in FIG. 
13. 

FIG. 15 is a section view corresponding to a part 

along a line E-E in FIG. 13. 
5 FIGs. 16a is a section view for explaining a via hole 

electrode whose plan shape is elliptic. 

FIGs. 16b is a section and plan view for explaining 

a via hole electrode whose plan shape is elliptic. 

FIG. 17 is a section view for explaining a prior art 
10 electronic component. 

FIG. 18 is a partially cutaway section view for 

explaining another example of a prior art electronic 

component 

RGs. 19a is a partially cutaway plan view for 
IS explaining a still other example off a prior art elec- 
tronic component 

FIGs. 19b is a partially cutaway section view for 
explaining a still other example of a prior art elec- 
tronic component. 

20 

Otiier features and advantages of the present 
invention will become apparent from the followrig 
description of tiie invention which refers to the accom- 
panying drawings. 

25 

PREFERRED EMBODIMENT OF THE PRESENT 
INVENTION 

(Rrst Embodiment) 

30 

FIGs. 1 and 2 are frontel and side section views 
showing an electronic component according to a first 
^Tiuodiment of the presoit uTventlGn. 

In the electronic component 1 shown in FIG 1, a 

35 piezoelectric resonator 3 is mounted as an electronic 
component device on a sut>strate 2 as a package mem- 
k>er. Furtiier, a cap 4 made of a metal is fixed so as to 
surround the piezoelectric resonator 3. That is, the cap 
4 creates an internal space for storing the piezoelectric 

40 resonator 3 by having a shape opened downward and 
by being fixed to the upper face of the substrate 2 by 
adhesive (not shown). 

The substrate 2 is made of insulating ceramics 
such as alumina. Via hole electrodes 5 arxi 6 are cre- 

45 ated tiirough the sut^strate 2. The via hole electrodes 5 
and 6 penetrate tinrough tiie substrate 2 and their upper 
ends protrude upward from the upper face 2a of flie 
sid3Strate 2. Lower feces of the via hole electrodes 5 
and 6 are exposed to a lower face 2b of the substrate 2 

so and are connected to terminal electrode 7a and 7b 
formed on tiie lower face 2b of the substrate 2. 

The piezoelectric resonator 3 is constructed by 
using a piezoelectric member 3a formed of piezoelectric 
ceramics such as titanate piezoelectric ceramics. The 

55 piezoelectric member 3a Is polarized in the thickness 
direction and has an internal electrode 3b Inside Fur- 
ther, electrodes 3c and 3d are fonned at tiie upper and 
lower faces of the piezoelectric member 3a so ttiat they 
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overlap with the internal electrode 3b at the middle 
region of the piezoelectric member 3a. The internal 
electrode 3b is formed at one end o1 the piezoelectric 
resonator 3 and is electrically connected to a terminal 
electrode 3e which extends to the bottom fece of the 
piezoelectric member 3a. Meanwhile, the electrodes 3c 
and 3d are electrically connected each other by a termi- 
nal electrode 3f formed at the other end of the piezoe- 
lectric memfc>er 3a. 

The piezoelectric resonator 3 is an energy confine- 
ment type piezoelectric resonator utilizing a thickness 
longitudinal osdilatlon mode and is driven when AC 
voltage is applied between the terminal electrodes 3e 
and 3f. The piezoelectric resonator 3 is placed on the 
part of the via hole electrodes 5 and 6 protruding from 
the upper face 2a off the sut)strate 2 and is fixed thereto 
by conductive adhesives 8a and 8b on the sut)strate 2. 

Because the upper ends of the via hole electrodes 

5 and 6 protrude upward from the upper face 2a of the 
substrate 2 as described above, a space 9 having an 
enough thickness which will not interfere resonance of a 
resonating section is assured between the lower face of 
the piezoelectric resonator 3 and the upper face 2a of 
the substrate 2. That is. the present embocfiment is 
characterized in that the via hole electrodes 5 and 6 are 
provided through the sut^strate 2, the upper ends of the 
via hole electrodes 5 and 6 protrude upward from the 
upper face 2a and the piezoelectric resonator 3 is dis- 
posed while leaving the space having the thickness cor- 
responding to the protrusion of the via hole electrodes 5 
and 6. 

Here, the via hole electrodes 5 and 6 are con- 
structed by filling an electrode material in the through 
holes created through the substrate 2. The upper pro- 
trusion of the via hole electrodes 5 and 6 Is created t>y 
the following fabrication .method. 

That is, before otytaining the substrate 2. a plurality 
of ceramic green sheets are laminated on a support film 
to obtain a ceramic green sheet laminate. Next, through 
holes are created through the ceramic green sheet lam- 
inate at the portions where the via hole electrodes 5 and 

6 are to be formed. Next, squeegee is performed from 
above the ceramic green sheet laminate supported by 
the support film to fill liquid or slurry conductive member 
such as conductive paste to the through holes. Because 
the conductive member is filled in the through holes by 
means of squeegee, the upper face of the electrode 
memt>er filled in the tiirough holes is shared with the 
upper face of the ceramic green sheet laminate. 

However, when the ceramic green sheet laminate 
described at)ove is sintered to obtain the substrate 2. 
tiie protrusion portions which protrude upward from the 
upper face 2a of the substrate 2 are created at)ove the 
via hole electrodes 5 and 6 as shown in FIG. 1 because 
a coefficient of thermal contraction of the ceramics in 
cooling it after the sintering is higher as compared to a 
coeffident of thermal contraction of the electrode mate- 
rial. i.e. the coefficient of thermal contraction of the elec- 



trode material is smaller. 

According experiments carried out by the inventor 
of this application, it has been confirmed that the space 
9 having ttie enough tiiickness can be reliably created 

5 below the piezoelectric resonator 3 by setting the coeffi- 
cient of thermal contraction of the ceramics to be higher 
than the coefficient of thermal contraction of the elec- 
trode material filled in the through holes by 1 to 20 % in 
cooling it after tfie sintering. It is noted ttiat when the dif- 

10 ference of coeffident of thermal contractions descril^ed 
atx)ve is less tiian 1 %, tiiere is a case when the height 
of the protrusion portion of tiie via hole electrodes 5 and 
6 becomes insufficient and the space 9 having an 
enough thickness cannot be created. When it exceeds 

IS 20 %. there is a case when the protrusfon portion of the 
via hole electrodes 5 and 6 becomes too high, thus 
unstabilizing tiie piezoelectric resonator 3. making it dif- 
ficult to stably perform joining works by the conductive 
adhesives 8a and 8b or giving bad influence on the 

20 characteristics. It also makes it difficult to lower tiie 
height of the electronic component 1 . 

(Second Embodiment) 

25 FIG& 3 and 4 are section and plan viewvs for 
explaining a second embodiment of ttie present inven- 
tion. 

FIG. 3 conresponds to FIG. 2 shown for the fffst 
emt3odlment 

30 A electronic conponeht 10 of the second emtxxji- 
ment is characterized in Ifiat electronic components 
11a. lib. 11c and lid which are formed by the same 
method with the via hole electrodes 5 and 6 are formed 
on the skies of the substrate 2. The other points are the 

35 same wnth tiie electronfo component 1 of the first 
errtoodiment 

That is. the elecb-onic conponents 11a, 11b, 11c 
and 11d are formed by completely filling the electrode 
material within semi-drcular. when seen in plan, cuta- 

40 ways 2e tiirough 2h formed on side faces 2c and 2d of 
the substrate 2. That is, the electrode material compos- 
ing the external electrodes 11a through 11d is applied 
so as to almost fill tiie cutaways 2e through 2h and so as 
not to reach the upper and lower faces of tiie substrate 

45 2. 

The external electrodes 11a through lid are 
formed in the same manner with the via holle electrodes 
5 and 6. That is. a mother substrate for obtaining a plu- 
rality of substrates 2 are prepared, circular tiirough 

so holes whose plan shape is twice of that of the cutaways 
2a through 2h are created at the positior^ correspond- 
ing to the cutaways 2e through 2h on the mother sut> 
strate and in tiie same time, through holes for forming 
tiie via hole electrodes 5 and 6 are created. 

55 After that a liquid conductive memk>er such as a 
conductive paste Is filled in each through hole by means 
of squeegee and the mottier ceramic green sheet lami- 
nate is cut in unit of each substrate. Thus, the ceramic 
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green sheet laminate in which the electrode material is 
fiiied in the cutaways 2e through 2h is obtained. When 
the ceramic green sheet laminate is sintered and then 
cooled, the electrode material f Sled in the cutaways 2a 
through 2h are baked and the external electrodes 1 1a s 
through 11d are formed as the substrate 2 is sintered 
and the via hole electrodes 5 and 6 are baked. 

Accordingly, the external electrodes 11a through 
1 1d are formed through the same process with the via 
hole electrodes 5 and 6. Still more, the electronic com- io 
ponents 11c ard 1 1d are formed so as to be electricaOy 
connected with a terminal electrode 7b formed at the 
lower face of the substrate 2. Accordingly, in surface- 
mounting it on a printed circuit substrate or the like, tt^s 
the electronic component 1 0 may be joined to electrode is 
lands of the printed circuit substrate or the like by utiliz- 
ing the external electrodes 11a through 1 1d by means 
of soldering or the like. At this time, while a sobering fil- 
let Is formed in joining the external electrodes 11a 
through lid formed at the sides with the electrode 20 
lands, the state of join between the external electrodes 
1 la through lid and the electrode lands may be readily 
confirmed visually from the outside. 

The electronic conponent 10 of the present 
«Tibodiment allows not only the state of connection 2S 
when mounted on the printed circuit substrate or the like 
to be readily confirmed visually but also the size of the 
substrate to be reduced as compared to the prior art 
electronic component in which external electrodes are 
formed on the side of the sutsstrate In the same manner 30 
with through hole electrodes (FIG. 19) by forming the 
external electrodes 11a through lid as described 
above. This will be explained with reference to FIGs. 5 
and 6. 

FIG. 6a is a partially cutaway section view showing 35 
a prior art known through hole electrode. The through 
hole electrode 61 is fomied by creating a through hole 
62a through a sut^strate 62 and by applying an elec- 
trode material so as to reach to an inner peripheral and 
to upper and lower faces of the through hole 62. 40 

However, the via hole electrode Is formed by creat- 
ing a through hole 12a through a mother substrate 12 
and by filling an electrode material 13 within the through 
hole 12a as shown in FIG. 5b. 

Accordingly, when the through hole electrode 61 is 45 
formed and is cut at an alternate dotted line B in FIG. 5a 
to form a semi-circular, when seen in plan, external 
electrode in the stage of the mother ceramic laminate, a 
flange portion 61a of the through hole electrode 61 Is 
formed so as to extend to the inside more than a cuta- so 
way 63 at the upper and fower faces of the siAstrate 62 
as shown in FIG. 6a. 

When the extemal electrode 13A is formed as 
showwi in FIG 6b by cutting along the center of the via 
hole electrode 13 on the other hand, the extemal elec- ss 
trade 1 3A will not extend to the inside more than the cut- 
away 12a. Accordingly, when a distance between an 
inner edge of the extemal electrode 61 A shown in FIG. 



6a and an electronic component device C mounted on 
the substrate 62 is equalized with a distance between 
an Inner edge of the extemal electrode ISA in FIG. 6b 
and the electronic component device C mounted on the 
substrate 12, the size of the substrate 12 which does 
not have the flange portion 61a may be reduced as 
compared to the substrate 62 by that portfon. That is, 
the use of the external electrode 13A formed in the 
same manner with the via hole electrode allows the sub>- 
strate to be miniaturized as compared to the external 
electrode 61A formed in the same manner with the 
through hole electrode. 

Accordingly, although the external electrodes 11a 
through lid are formed in the electronic component 10 
shown in FIGs. 3 and 4. it allows the substrate 2 to be 
miniaturized or the the electronic component 10 to be 
miniaturized as ooinpared to tfie case of using the prior 
art external electrode formed in the same manner with 
the through hole electrode. 

(Modified Exanrple) 

Although the extemal electrodes 1 1c and 1 1d which are 
formed on the side of the substrate 2 have been formed 
so as to protrude upward from the upper face off the sub- 
strate 2 in the electronic component 10 shown in FIG. 3. 
external electrodes lie and llf which extend to the 
intermediate heigtrt position may be formed as shown in 
FIG. 7 instead of the external electrodes 11c and 1 1d. 
The state of the electrode lands on the printed circuit 
substrate Joined with the extemal electrodes lie and 
1 1f by means of soldering may be readily confirmed vis- 
ually when a the electronic component 14 is mounted 
on the printed circuit substrate or the like also when the 
external electrodes 1 1 e and 1 1 f are formed. Further, the 
8ut3strate 2 may be miniaturized in the same manner 
with the second emt^odiment. 

The external electrodes lie and 1 1f may be formed 
as follows. A nunrt)er of ceramic green sheets whfoh 
corresponds to a ceramic layer on which the external 
electrodes lie and 1 1f are to be formed are laminated 
on a support film in otTtaining a ceramic green sheet 
laminate by laminating the ceramic green sheets. At this 
time, through holes are created through each ceramic 
green sheet at the part where the external electrodes 
lie and llf are to be formed and a conductive member 
is injected to each through hole in advance. Then, the 
plurality of ceramic sut)strates are laminated while 
aligning the conre^onding through holes to which the 
conductive member has been injected. Next, a second 
number of ceramic green sheets corresponding to the 
ceramic layer which is located above the upper end of 
tiie external electrodes lie and llf are laminated. 
Through holes are created through the second ceramic 
green sheets at the position where the via hole elec- 
trodes 5 and 6 are to be formed and a conductive mem- 
ber is filled in the through holes In advance of the 
lamination also in this case. 
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Then, the substrate 2 on which the external elec- 
trodes lie and 1 1f are formed may be obtained b/ cut- 
ting the mother cerarrdc green sheet laminate in unit of 
each individual substrate and by sintering it. 

FIQs. 8a and 8b are longitudinal and transverse s 
section views showing another modified example of the 
electronic component 1 of the first emtxxllment. 

Although the cap 4 has been f ixed on the substrate 
2 in the electronic component 1, the structure of the 
package for storing the electronic component device io 
may be changed as necessary in the present invention. 

That is, a structure in which a rectangular frame-like 
frame 22 is combined with a cap 23 may be adopted like 
a electronic component 21 shown in FIQs. 8a and 8b 
instead of the cap 4. Here, the rectangular frame-like is 
frame 22 made of insulating ceramics such as alumina 
is fixed to the upper lace of the ceramic substrate by 
using insulating adhesive and the cap 23 made of metal 
or plastic is fixed on the frame 22. The other compo- 
nents are the same with those of the electronic compo- 20 
nent 1 shown in FIG. 1. so that the same parts are 
denoted by the same reference numerals and explana- 
tion thereof will be omitted here. 

It is also possODle to construct a package by using a 
frame 24 which is thikker than the piezoelectric resona- ss 
tor 3 and by fixing a plate-like lid 25 on the upper face of 
the frame 24 as shown In Figs. 9a and 9b. An electronic 
component 26 shown in FIGs. 9a and 9b Is constructed 
in the same manner with the electronic component 1 
except of that the frame 24 and the plate-like lid 25 are 30 
used instead of the cap 4 (FIQ. 1). 

it is noted that the material composing the frame 24 
and the cap 25 Is not specifically limited. Further, the 
frame may be made dt the same material with the sub- 
strate or may be sintered in the same time with the sub- 3S 
strate. ~ — -•- 

It is also possible to construct so as to be at>Ie to 
confirm fillet caused lay solder or the like visually from 
the outside when mounted on a printed circuit substrate 
or the like by forming external electrodes 11c and lid 40 
on the side of the ceramic sut>strate 2 like an electronic 
component 27 shown in a transverse section view of 
FIG. 10 in the same manner with the electronic compo- 
nent 10 shown in FIG. 3. 

45 

(Third Embodiment) 

An electronic component according to a third 
emfcxxJiment of the present invention will be explained 
with reference to FIGSw 1 1 through 15. so 

In tiie present embodiment, tiie package is com- 
posed of a bottomed square cylindrical package mem- 
ber 31 having an opening 31a at the upper part thereof 
and a plate-like nd 32 fixed so as to close the opening 31 
as shown in an exploded perspective view of FIG. 1 1 . A ss 
piezoelectric resonator 3 as an electronic component 
device is stored within tiie package. The piezoelectric 
resonator 3 is constructed in the same manner with the 



piezoelectric resonator 3 shown in FIG. 1. 

Accordingly, the electronic component 33 obtained 
in the present emtxxjiment has almost a rectangular 
parallelepiped shape as a whole as shown in FIG. 12. 
FIG. 13 showvs a longitudinal section view of the the 
electronic component 33, FIG. 14 shows a transverse 
section view along an alternate dotted line D-D in FIG. 
13 and FIG. 1 5 shows a section corresponding to a part 
along an alternate dotted line E-E In FIG. 13. 

The package memt>er 31 Is made of dielectric 
ceramics such as alumina. Via hole electrodes 35, 36 
and 40 are formed through the package member 31 so 
as to penetrate through the ceramic layer. The via hole 
electrodes 35 and 36 protrude upward from an inner 
bottom 31 b of the package member 31 . Accordingly, tiie 
piezoelectric resonator 3 placed on the package mem- 
ber 31 is disposed so as to float from the inner bottom 
31b wftile leaving a space A having a predetermined 
thickness. Further, the piezoelectric resonator 3 is con- 
nected with the via hole electrodes 35 and 36 by con- 
ductive adhesives 37a and 37b. 

Meanwhile, the package member 31 has steps 31c 
and 31d at one pair of sides fadng to each other. As 
shown in FIG. 14. the via hole electrode 36 is extended 
to the position of height where the steps 31c and 3 Id 
are created. A lower edge of the via hole electrode 36 is 
electrically connected with a connecting electrode 38 
which is formed at tiie position of height where tiie steps 
31c and 31 d are created. 

A plurality of internal electrodes for composing 
capacitors are formed between the inner bottom 31b of 
tfie package member 31 and tiie step 31d. That is, a 
plurality of internal electrodes 39a connected to the via 
hole electrodes 35 and 36 and a plurality of internal 
electrodes 39b connected to the via hole electrode 40 
are formed. The internal electrodes 39a arxl the internal 
electrodes 39b are disposed so as to overiap each other 
via the ceramic layers. 

The via hole electrode 40 is connected to the upper 
most internal electrode among the internal electrodes 
SQb and the upper edge thereof does not reach the 
inner bottom 31b as it is apparent from FIG. 13. Mean- 
while, the lower edge of the via hole electrode 40 
extends to the position of height where the steps 31c 
and 31d are formed and is electrically connected with a 
connecting electrode 41 . 

External electrodes 42a through 42c are formed at 
the part below the steps 31c and 31d of the package 
member 31 on tiie sides tiiereof (see FIG. 11). The 
external electrodes 42 through 42c are formed on the 
pair of sides facing to each other. 

As shown in FIG. 14, the external electrodes 42c 
and 42c are electrically connected witii a connecting 
electi-ode 38 and is electrically connected with the via 
hole electrode 36 accordingly. Meanwhile, tiie external 
electrodes 42b and 42b are connected with tiie con- 
necting electrode 41 and is electrically connected witii a 
via hole electrode 41 accordingly as shown in FIG. 15. 
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Therefore, a circuit structure in which the piezoelec- 
tric resonator and two capacitors are connected 
t)etween the external electrodes 42a through 42c may 
be realized in the the electronic component 33 of the 
present embodiment. 

As descnlaed above, the electronic component of 
the present invention permits the capacitors formed of 
the plurality of internal electrodes to be constructed 
within the package member. In this case, a desired cir- 
cuit may be structured by electrically connecting the plu- 
rality of internal electrodes with the via hole electrodes. 

Because the electronic component 33 of the 
present errtDodiment has the circuit structure in which 
the piezoelectric resonator and two capacitors are con- 
nected as described at>ove. it may be suitably used as a 
piezoelectric resonator for example. 

(Modified Example of Planar Via Hole Electrode) 

Although the via hole electrode having a circular 
transverse section has been shown in the above-men- 
tioned embodiments, the sectional profile of the via hole 
electrode is not limited to be drcular in the present 
invention. For instance, the section of a via hole elec- 
trode 42 may be elliptic as shown in FIGs. 16a and 16b. 
In such a case, an electronic component device may be 
stably placed by part 42a protruding from a package 
member 43. The sectional proffle of the via hole elec- 
trode Is not limited to the ellipse and may assume any 
shape such as a rectangular or square shape. 30 

Further, it is possible to support an electronic com- 
ponent device more stably by disposing a plurality of via 
hole eiectrodes in dose proximity. 

While the invention has been particularly shown 
and described with reference to preferred emlxxfiments 3S 
thereof, it will be understood by those sidlled man in the 
art that the forgdng and other changes in form and 
details may be made therein without departing from the 
spirit of the Invention. 

40 

Claims 

1 . An electronic component, comprising: 

a package member; 45 
a plurality of through holes provided in a pack- 
age menr^r; at least one via hole electrode 
provided in at least one of the plurality of 
through holes and extends through the at least 
one through hole in the sulDstrate so as to pro- so 
trude by a protruding amount from a first face of 
said package member; 

an electronic component device located on the 
first face of said package member with a space 
therebetween; 55 
the space between the electronic component 
device and the first face of said package mem- 
ber being determined by the protruding amount 



of the via hole electrode protruding from the 
face of said package member; and 
a joining member joining the electronic compo- 
nent device with the via hole electrode. 

5 

2. The electronic component according to claim 1, 
wherein the at least one via hole electrode indudes 
a protruding portk>n which does not extend along 
the face of said package member. 

10 

3. The electronic component according to daim 1 or 2, 
wherein the electronic component device is a pie- 
zoelectric resonator. 

IS 4. The electronic component according to one of 
daims 1 to 3, wherein the via hole electrode Is 
exposed to a second face of the package member; 
and the first and the second face of the package 
member are opposed to each other. 

20 

5. The electronic component according to one of 
daims 1 to 4, wherein the package member com- 
prises ceramic, a plurality of intemal electrodes are 
provkied in the package member so as to form at 

25 least one capacitor, and the via hole electrode is 
electrically connected to the capacitor. 

6. The electronic component according to one of 
daims 1 to 5, wherein the package member com- 
prises a ceramic sulDstrate, a plurality of cutaways 
are provided on a skie of the ceramic sutDstrate, and 
a plurality of external electrodes are provided in the 
plurality of cu^ways respectively. 

7. A method of forming the electronic component of 
one of claims 1 to 6. comprising the steps of: 

laminating a plurality of ceramic green sheets 
on a support film to obtain a ceramic green 
sheet laminate; 

fomiing through holes tfirough the ceramic 
green sheet laminate at positions where via 
hole electrodes are to be located; 
applying conductive material into the through 
holes so as to fill the through holes and so as to 
be located on the up>per surface of the ceramic 
green sheet laminate to form via hole elec- 
trodes; and 

sintering the ceramic green sheet laminate to 
form a suk>strate and so as to form protruding 
portions of the via hole electrodes which pro- 
trude upward from the upper surface of the 
sut>strate. 

8. The method according to claim 7. further compris- 
ing the step of cooling the ceramic green sheet lam- 
inate, wherein a coeff ident of thermal contraction of 
the ceramic green sheet material is higher than a 
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coefficient of thermal contraction of the conductive 
electrode material. 
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(57) The invention provides an electronic compo- 
nent, comprising: a package memt^er; a via hole elec^ 
trode provided through the package memt>er and pro- 
truding from a first face of said package memt}er; an 
electronic component device located on the first face of 
said package member with a space therebetween; the 
space t>etween the electronic component device and 
the first face of said package member t>elng determined 



by a protruding amount of the via hole electrode from 
the face of said package member, and a joining member 
joining the electronic component device with the via hole 
electrode. 

In the electronic component, the space between the 
package member and the face of said package member 
can be readily and accurately obtained. 
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